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EXECUTIVE SUMMARY 

 

In the present report was performed a framework guidelines to develop and applied non-
structural measure in the so called Action Plan (Risk Management Plan) and based on 
different emergencies scenarios to cope the residual risk. The Action Plan has to include 
the worksheets for the action forces and also have to be optimized respect the resources 
to implement (the non-structural measures).  

 

A total of 3 cases studies where implemented: Benaguasil, Arenys de Munt and Graz 
basins. The document is composed of 3 parts: in the first part are summarized the main 
conclusions of the overall study regarding the Disaster Control Management components 
and principles. The second part correspond to the different steps to follow (methodology) 
for the Action Plan development focused in non-structural measures. The final part is the 
applied field where is shown the main results of the different cases studies.  

 

Finally, the report try to illustrate the different meetings and experiences acquired about 
the non-structural measures implementation, because itself require of agreement and 
cooperation between the different entities involved. 
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NOTATION 

 

V  Flow Velocity (m/s). 

y  Hydraulic depth (m). 

b  Width of the channel (m). 

dC  Drag coefficient,  

  Density of the water (kg/m³). 

fF  Friction Force (N) 

f  Friction coefficient (Adim).  

W  Weight in the foot of the pedestrian (Kg). 

equivW  Equivalent weight (Kg). 

  Specific weigth of wáter (N/m³). 

pedV  Pedestrian foot volume (m³) 

T(x)  Return period (Years). 
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ACRONYMS 

Please add all used acronyms in the report. 

 

IDEAM Instituto de Estudios Ambientales 

IAEM International Association of Emergency Managers   

INA Instituto Nacional del Agua 

DCM Disaster Control Management. 

EMA Emergency Management of Australia 

AEMI Australian Emergency Management Institute 

SNPAD Sistema Nacional de Atención y Prevención de Desastres 

FEMA Federal Emergency Management Agency  

HYOGO It Is the name of the ONU initiative focused and manage to 
improve the Nationals resilience capacities due to disasters. (Emerged in the HYOGO – 
Japan reunion)  

ONEMI Oficina Nacional de Emergencias – Ministerio Nacional 

ACA Agencia Catalana del Agua (Water Agency of Catalonia). 

CECAT Catalonia coordination operative center (Centre de Coordinació 
Operativa de Catalunya). 

EHIMI Hidrometeorologic development tool for Catalonia. 

EWS Early Warning System. 

FD Flood Directive. 

FEMA Federal Emergency Agency (United States). 

FHMs Flood hazard maps 

FRMs Flood risk maps. 

Ipresas Developed software model for risk assessment (WP3). 

METEOCAT Meteorologic Catalonia Service (Servei Meteorologic de 
Catalunya) 

NSM non - structural measure. 

MAP/PAM Municipal action plan (Plan de Acción Municipal) 

RMP Risk Management Planning. 

INNUNCAT Flooding plan of Catalonia. 

PRst Population at risk. 

RISKMAP Improving Flood Risk Maps as a Means to Foster Public 
Participation and Raising Flood Risk Awareness: Toward Flood Resilient Communities. 

WP3 Work Package 3 of the SUFRI project. 

WP5 Work Package 5 of the SUFRI project. 
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1 LESSONS IN DISASTER CONTROL MANAGEMENT 

 

The Disaster Control Management is a discipline that has grown strongly over the last 30 
years, as a result of the continues emergencies that have occurred in floods, fires, 
hurricanes, tornadoes, terrorism, chemical hazards, landslides and earthquakes risks 
(Emmanuel M. Luna, 2009). 

This topic has been established as a science, even reaching masters programs in some 
universities based entirely on Disaster Control Management (DCM). In this discipline, the 
procedures, guidelines and methodologies for mitigation and management of 
emergencies are defined. It is important to emphasize that in the category of disasters are 
included natural and anthropogenic causes, such as floods or terrorism. 

Four COMPONENTS are universally identified in Disaster Control Management (Ibarra 
Lopez M., 2009): The Prevention, Preparedness, Recovery and Reaction (Figure 1-1). 

 

Figure 1-1:. Disaster Control Management component scheme. 

 

These four components are specified during the three main stages (or phases) of the 
Disaster Control Management (http://www.fema.gov/). These stages are identified as: 
before, during and after. The important that always is appointed in the DCM is to take 
actions and implement the 4 components in these phases or stages, because these 
components are the summary of all plans, procedures, methodologies and actions to 
apply in case of emergency. In other words, no matter the type of politic distribution or the 
natural or anthropogenic hazard population in facing, if the four components are identified 
and then, measures are taken, it will exist a risk mitigation due to the particular 
phenomenon (floods, chemical hazard etc..). In summary, these 4 components are a 
guide for entities to act in emergency case (Ibarra Lopez M., 2009).The four components 
can be defined as: 

Prevention: 

The objective of the prevention phase is to foresee, warn and avert the disasters damages 
(as far as possible) (Emmanuel M. Luna, 2009). This is achieved by assessing all the 
vulnerability areas and subsequently, taking all the preventive actions and measures that 
could mitigate the risk. The prevention includes the implementation of mitigation 
strategies. Mitigative measures can be structural or non-structural measures (Consortium 
of Academic Libraries, 2004). Structural measures (in flood case) are those built to reduce 
the risk (as the encroaching, channeling or flooded areas). Non-structural measures 
(NSM) include early warning systems, urban planning, increasing of resilience and 
improvement of the legislation to mitigate the risk. 
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Preparedness: 

Preparedness is a constant activity of organizing, assessing and planning activities to 
guarantee effective coordination between action forces (Ibarra Lopez M., 2009). Saying in 
simple words it means be prepared for disaster emergencies. In the preparedness phase 
are taken measures focusing on action forces and population coordination. It differs from 
the previous activity because the prevention is aimed to be at long-term for mitigate the 
risk. The main activities for flood emergencies include the disaster communication and 
evacuation plans (NSM). 

Reaction: 

The reaction is the quality to quickly and efficiently execute the actions to reduce the risk. 
Evaluate the reaction capacity is assess by the ability of the action forces (firefighters, 
police etc..), the disaster exercises or drills have a very important role to improve this 
ability. Include the mobilization capacity of all the necessary resources (material or 
human) to cope the emergency (Emmanuel M. Luna, 2009). Other relevant NSM in flood 
emergencies (to improve the reaction) are the coordination between entities.  

Recovery: 

In the recovery phase the main objectives are focused into return or comeback to the 
initial state before the natural or anthropogenic disaster have occurred. Increasing the 
capacity of “recovery” in the population and in the action forces, will increase the resiliency 
(due to they are closely correlated) and will mitigate the damages of the disasters (Ibarra 
Lopez M., 2009). For flood emergencies the NSM of policies and national insurances 
becomes important.  

 

1.1 Available agencies of Disaster Control Management adviced. 

 

For several years in the countries have been organized agencies responsible for disaster 
control management, this as a result of the entities requirement about an effective natural 
disasters response and others from anthropogenic origin. It exist diverse entities around 
this topic and the literature began to be quite extensive and exhaustive. With the aim of 
compare experiences (and also acquire) about disaster control management and 
specifically focused in flood emergencies in the overall study of WP5 was conducted a 
brief searching about disaster control management entities. This helps us to develop the 
WP5. Below we discuss some of them. 

1.1.1 International Association of Emergency Managers: 

The (IAEM) is a non-profit educational organization dedicated to promote the goals of 
saving lives and protecting property during emergencies and disasters, and is made of 
different government authorities, as well as military, private and public entities enrolled 
with the DCM. The IAEM is the international reference responsible for the development 
and improvement of the DCM science (Ibarra Lopez M., 2009).  

1.1.2 Argentina: 

The official entity responsible of DCM in Argentina is the Civil Protection. The Civil 
Protection Department is included in the Ministry of Interior. It has different tasks 
assigned, such as the coordination of plans and protection programs, civil defence in 
various provinces and in the city of Buenos Aires. In the particular case of flood 
emergencies the Civil Protection Department (Http://www.proteccioncivil.gov.ar) share 
functions with the National Water Institute (INA). 

It is important to explain that Argentina (unlike most countries in the region) is a federal 
country from a political point of view. Although there exists a set of comprehensive 
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national legislation, each province is autonomous and makes its own laws 
(Http://www.proteccioncivil.gov.ar). There are also specific laws and decrees on flood 
emergencies. “This set of regulations at different levels is a high complexity in terms of 
legal framework”. (Http://www.proteccioncivil.gov.ar) These are supported by the INA 
(National Institute of Water). 

1.1.3 Australia: 

The EMERGENCY MANAGEMENT OF AUSTRALIA (EMA) is “The responsibility for the 
protection of life, property and the environment rests with the States and Territories”, 
(http://www.ema.gov.au/). It is the official institution of the Disaster Control Management 
of Australia. It depends from the government as it is included in the Attorney Generals 
department that is in charge of the public security to (http://www.ema.gov.au/). 

1.1.4 Colombia: 

The National System for Disaster Response and Prevention (SNPAD) is the official entity 
of the Colombian government in charge of the Disaster Control Management 
(http://www.sigpad.gov.co/). The SNPAD has a relative independence but depends 
economically on the Justice and Interior Ministry of Colombia. It receives supports from 
the IDEAM (Hydrology, Meteorology and Environmental Studies Institute) which contain 
the water tasks (http://www.sigpad.gov.co/). 

1.1.5 Chile: 

The ONEMI is the official Subdepartment in the Interior Ministry of Chile that has the 
responsibility of the Disaster Control Management (http://www.onemi.cl/). Due to the 
different kind of natural and anthropogenic hazard, the ONEMI are connected with DGA 
(General Direction of Waters) for floods scenarios (http://www.onemi.cl/).   

1.1.6 Spain: 

The government of Spain is subdivided in different autonomous regions, where each 
region develops and implements their own self-governing laws. The emergencies actions 
are entirely developed from the government of the autonomous communities 
(http://www.proteccioncivil.org/es/index.html ). for example, the political subdivisions of 
Catalonia pass through different filters: Generalitat de Catalunya, Provinces (4), Districts 
(41l) and towns (971). The national entity responsible for the DCM is the Ministry of 
Interior in the subdepartment of Civil Protection 
(http://www.proteccioncivil.org/es/index.html). Logically this responsibility was 
disaggregated to regional levels (from Spain Government to Catalonia Government), and 
in Catalonia the DCM is conducted by the Department of Interior in the CECAT (Centre de 
Coordinació Operativa de Catalunya) office,  

1.1.7 Italia 

The responsible authority of the DCM in case of natural or anthropogenic hazard for Italy 
is the Civil Protection (Protezione Civile, http://www.protezionecivile.it/). The civil 
protection in Italy is a national entity that depends directly from the government, always 
acts in full accordance with regional and local governments, but is the maximum 
responsible of the civil protection activities. 

1.1.8 United States 

The leading entity of the disaster control management in the United States is the FEMA 
(Federal Emergency Management Agency) (http://www.fema.gov/). This agency is 
included in the Homeland Security Department. Different organizations brings 
collaborations to the FEMA agency for de DCM. The United States due to is a 
decentralized country (federal) has several FEMA state agencies, it means that it has 
diverse representation offices in each U.S.A. state. 

 

http://www.sigpad.gov.co/
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1.2 Study of the organization of the avaliable agencies 

 

1.2.1 IAEM:  

As explained above, the IAEM has as main objective to guide and apply principles in 
Disaster Control Management like saving lives and protection property during 
emergencies and disasters (Ibarra Lopez M., 2009). “The mission of IAEM is to serve 
members by providing information, networking and professional opportunities, and to 
advance the emergency management profession”. 

The IAEM is an international agency that has tried to “impose” directives and at same time 
functioning as a guide for the local level disaster control management implementation (in 
each country). Obviously, the IAEM is always in constant diversification due to the multiple 
differences in the various countries. In the IAEM organization are done annual reviews 
through which partners inform that belong to IAEM, among which are the action forces 
that are in charge to respond and act in different countries in case of flood emergencies 
and what are the methodologies and methods applied (Ibarra Lopez M., 2009). About this 
organization it is worthwhile mentioning the principles of Disaster Control Management, 
which have been defined and which are (according to IAEM) one of the fundamental 
pillars in the Disaster Management Control (Ibarra Lopez M., 2009). 

1.2.2 Argentina:  

As explained earlier, Argentina has a federal distribution in which each province sets it 
own policy of Disaster Control Management (Http://www.proteccioncivil.gov.ar), as an 
example for SUFRI project it found an example in the Santa Fe province (Figure 1-2) 
where an action plan in case of flood emergency was established. 

  

 

Figure 1-2: Contingency plan (action plan) of flood emergencies (http://www.santafe.gov.ar/) 

 

1.2.3 Australia: 

Emergency management inside the Attorney Department is developed in three sub 
Divisions (http://www.ema.gov.au/): The national security resilience policy that provides 
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the emergency management, protective security and media security (internet etc…). The 
National Security Capability Development that is responsible for the national security. 
Finally the Emergency Management of Australia that is responsible for crisis coordination 
and management. Evidently Australia has one of the most extensive areas in the world, 
reason why is subjugate to different natural and anthropogenic hazards. They 
methodologies are focusing around all the components of the DCM 
(http://www.ema.gov.au/), (see Figure 1-3).  

 

 

Figure 1-3: Organization structure of the EMA in Australia. http://www.ema.gov.au 

 

1.2.4 Colombia:  

In Colombia the government is centralized (as opposed to what happens in Argentina), 
and SNPAD (National System for Disaster Prevention and Care) coordinate plans and 
programs for handling emergencies in the whole country (Figure 1-4). 

 

 

Figure 1-4: SNPAD web page (http://www.sigpad.gov.co). 

http://www.sigpad.gov.co/
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1.2.5 Chile: 

The national emergency office of the Interior Ministry (ONEMI) had implemented a 
national system for monitoring all natural and anthropogenic hazards in the 15 geographic 
subdivision regions of Chile (Figure 1-5). 

 

 

Figure 1-5. The ONEMI web pages, showing the diverse alerts in the 15 geographic regions 
(http://www.sigpad.gov.co) 

 

1.2.6 Spain: 

The management and handling of emergencies in Spain are developed at a regional level 
from each of the 18 autonomous communities, but there are entities (like the general 
direction of Civil Protection of Spain) which make general guidelines for the autonomous 
communities through his sub-delegations (in each autonomous region). They develop 
plans, procedures and programs for risk management (Disaster Control Managemetn) 
(see Figure 1-6). In the case of Catalonia, the entities and responsibilities in flood 
emergencies were specified in the WP 5. 

 

Figure 1-6. The Spanish civil protection web pages (www.proteccioncivil.org). 
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1.2.7 Italy: 

In Italy the official entity in charge of the civil protection activities is the Protezione Civile 
(Civil Protection). In theory develop the prevention and management of the possible 
disaster. But was detected an incongruence on the functions performed by Civil Protection 
in Italy, due to the fact that it depends directly from the government. Sometimes it had 
received orders that for many political sectors should not correspond to their functions 
(http://www.protezionecivile.it/). One example was the death of Pope in which, the civil 
protection was responsible for the management and control of events and pilgrimage 
routes. In that event the Civil Protection usurps powers of the national police (Carabinieri) 
which produce considerable controversy.  

Another example was the handling of garbage in Napols, which was in charge of a private 
company, but due to the general strikes as well as for the worst management of the 
landfill, produce that the Italian Government had to temporarily suspend the contract with 
the private company and order to the Civil Protection the management of wastes of 
Napols. The last example that has been highly controversial was the G8 meeting which 
was commissioned again the management and security of the involved areas to the Civil 
Protection entity. As conclusion the civil protection in Italy has highlighted different 
functions that should develop the police, or even a private company. 

 

1.2.8 United States of America: 

The United States have a federal government, but at country level are organized some 
entities as the Homeland Security Department, which depends de entity in charge of the 
disaster control management in the U.S.A.: the FEMA agency. 

The FEMA agency has implemented several action lines in case of emergencies. In the 
particular case of flood emergencies are available (or can be acquire) risk maps through 
his website (http://www.fema.gov/). This is due to one of the main approaches adopted by 
the FEMA, which is to promote and induce the purchase of safety insurances against 
flood damages (Figure 1-7). However, each state (In the United States) has a federal 
support, which is activated in the moment of the emergency declaration. 

 

 

Figure 1-7. Official FEMA web page, and the national insurance program. 
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In the U.S.A. the emergencies are managed at the most-local level possible “utilizing 
mutual aid agreements with adjacent jurisdictions”. Evidently due to the strongest attacks 
occurred in recent years, the level of participation in case of terrorist related or if it is 
declare an a incident of “National Significance", the Secretary of Homeland Security will 
initiate the National Response Framework (NRF) (http://www.fema.gov/). In this way, a 
federal resources will be included to responds the emergency 

It is included in the FEMA a Citizen Corps, which is an organization of volunteer service, 
(locally managed) and coordinated by DHS (Department of Homeland Security), whit the 
principal aim to prepare the inhabitant for emergency response and in this way mitigate 
the risk (http://www.fema.gov/). 

The US Congress established the Center for Excellence in Disaster Management and 
Humanitarian Assistance (COE) as the principal agency to promote disaster preparedness 
and societal resiliency in the Asia-Pacific region (http://www.fema.gov/). 

 

1.3 Study of the methodologies that the agencies use 

 

In the following sub chapters, it is identifying the components defined in the chapter 2 on 
the Agencies explained. It is particular refer to the 4 components because they are 
internationally recognized as a good Disaster Control Management doctrine for 
emergencies case. Activities, tools and methodologies should be focused in these 
components. 

 

1.3.1 IAEM:  

The principles of Disaster Control Management defined and exposed in the IAEM web 
(International Association of Emergency Managers, 2007) page are summarized as follow. 

Emergency Management must be (International Association of Emergency Managers, 
2007): 

 

1. Comprehensive: Emergency managers consider and take into account all 
hazards, all phases, all stakeholders and all impacts relevant to disasters. 

2. Progressive: emergency managers anticipate future disasters and take preventive 
and preparatory measures to build disaster-resistant and disaster-resilient 
communities. 

3. Risk-Driven: Emergency managers use sound risk management principles 
(hazard identification, risk analysis, and impact analysis) in assigning priorities and 
resources. 

4. Integrated: Emergency managers ensure unity of effort among all levels of 
government and all elements of a community. 

5. Coordinated: Emergency managers synchronize the activities of all relevant 
stakeholders to achieve a common purpose. 

6. Collaborative: Emergency managers create and sustain broad and sincere 
relationships among individuals and organizations to encourage trust, advocate a 
team atmosphere, build consensus, and facilitate communication. 

7. Flexible: Emergency managers use creative and innovative approaches in solving 
disaster challenges. 
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8. Professional: Emergency managers value a science and knowledge-based 
approach based on education, training, experience, ethical practice, public 
stewardship and continuous improvement. 

 

1.3.2 Argentina:  

In Figure 1-8 emphasizes the goals of the Santa fe action plan (in flood emergencies) and 
agrees with the components that are shown in the present section.  

 

 

Figure 1-8. Components of the contingency plan (action plan) of flood emergencies. 

This plan provides basic actions and services to be taken in consideration in case of flood 
emergencies. It means, define the following topics: 

 Security Service 

 Fire and Rescue Services 

 Social Assistance Service  

 Health Care Service 

 Transportation Service 

 Engineering and Rehabilitation Services 

 Evacuation Center Service 

 Emergency Dissemination Service   

 Logistic Service 

The fact that exist a fire service in flood emergencies can be sound paradoxical, but 
obviously in exceptional cases there may be produced a fire at a same time of a flood. 

In this page is named the action plan in flood emergencies, but is not explained what to do 
or the procedures and measures to take before and after a flood. Also are not illustrated 
current alerts or flood states.  
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In Argentina also exists an entity in charge of the hydrologic monitoring, in this institute 
specified some measures and actions to take in case of flood emergencies. This effort is 
done by the INA (National Water Institute of Argentina), which has a Early Warning 
System for the rivers of Paraná, Paraguay, Uruguay and Bermejo. (Best known as the 
Plata Basin, see Figure 1-9). 

  

 

Figure 1-9.  Total precipitation in 6 days (La Plata Basin) http://www.ina.gov.ar  

 

1.3.3 Australia: 

In Australia also was detected different activities focused in the components of the DCM, it 
is notably in the emergency management entity of Australia that has well defined plans 
and courses for different natural hazard including flood risks (Figure 1-10). 

  

Prevention
Preparedness

Reaction

Recovery
 

Figure 1-10. DCM Components in the EMA entity. http://www.ema.gov.au 

http://www.ema.gov.au/
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1.3.4 Colombia:  

Different measures are exposed in the SNPAD web page, but a great part of the plans 
and documents are restricted and cannot be easy consulted. Also in the Colombian 
scheme are detected the DCM components (see Figure 1-11).  

 

Prevention

Preparedness
Reaction

Recovery

 

Figure 1-11. DCM components in the SNPAD entity. http://www.sigpad.gov.co 

On the SNPAD web page (http://www.sigpad.gov.co) also can be downloaded all acting 
protocols where are specified the functions to be performed for each entity involved in 
case of national emergencies (Figure 1-12), including the President, Ministers, chief of 
SNPAD, the head of the armed forces etc.. 

 

President action protocol

Interior Ministry action protocol

Director of SNPAD  protocol

All Ministeries actionprotocol

Militar actionprotocol

Attorney General actionprotocol

Communication media action protocol

Local Authorities action protocol

 

Figure 1-12. Action plan for disaster emergencies (for all involved authorities). http://www.sigpad.gov.co 

 

http://www.sigpad.gov.co/
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On the other hand a significant goal of the SNPAD policies is the signature of the 
agreement of the HYOGO action plan, signed by over 168 UN member countries, which 
aims of increasing the resilience of nations in case of disasters. (NOTE: The Hyogo plan 
is other gained experience in DCM by different countries, see Figure 1-13). 

 

 

Figure 1-13. Hyogo action plan, and implementation of the Colombian SNPAD.  

 

1.3.5 Chile: 

The ONEMI had established a management model to enhance the effectiveness and 
efficiency of management in civil protection, additionally "ONEMI has made available to 
the national system a model based on methodologies and tools for generating adjusted 
planning to the specific circumstances of the specific area to coverage (city, province or 
region)". In the Figure 1-14 is shown the 4 components of the DCM. 

 

 

Figure 1-14. DCM components in the ONEMI entity. In the left part are shown all the 15 regions of the Chile 
geographic subdivision. http://www.sigpad.gov.co 
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1.3.6 Spain: 

The Civil Protection is developed in regional scale by each autonomous entities. In 
Catalonia the CECAT is the entity in charge of civil protection activities. Equally as other 
countries, the CECAT focus his activities in the 4 DCM components (see WP5 UPC, UPV) 

 

1.3.7 Italy: 

As explained earlier the Italian civil protection develops several tasks as well as the risk 
management. Consequently on his website, all the Disaster Control Management 
implemented actions on flood scenarios are well summarized. Also are available the 
population tasks to be made by the inhabitants in case of flood emergencies according the 
four DCM components (Figure 1-15). 

 

 

Figure 1-15. Tips to develop in case of flood emergency. http://www.protezionecivile.it/  

 

1.3.8 United States of America: 

FEMA agency has established actions to be undertaken by the population during the 3 
stages of the Disaster Control Management (Before, During, After) in case of flood 
emergencies (Figure 1-16). These actions consist of a series of steps to assume in an 
emergency. For the particular case of flooding are: 

 

Table 1-1. Activities to develop in flood emergencies defined by the FEMA agency (Before a flood). 
http://www.fema.gov/ 

To prepare for a flood, you should: 

Avoid building in a floodprone area unless you elevate and reinforce your home. 

Elevate the furnace, water heater, and electric panel if susceptible to flooding. 

Install "check valves" in sewer traps to prevent floodwater from backing up into the drains 
of your home. 

Contact community officials to find out if they are planning to construct barriers (levees, 
beams, floodwalls) to stop floodwater from entering the homes in your area. 

Seal the walls in your basement with waterproofing compounds to avoid seepage. 
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Table 1-2. Activities to develop in flood emergencies defined by the FEMA agency (During a flood). 
http://www.fema.gov/ 

If a flood is likely in your 
area, you should: 

If you must prepare to 
evacuate, you should do the 

following: 

If you have to leave your 
home, remember these 

evacuation tips: 

Be aware of streams, 
drainage channels, canyons, 

and other areas known to 
flood suddenly. Flash floods 
can occur in these areas with 

or without such typical 
warnings as rain clouds or 

heavy rain. 
 

Secure your home. If you 
have time, bring in outdoor 
furniture. Move essential 
items to an upper floor. 

Do not walk through 
moving water. Six inches of 
moving water can make you 

fall. If you have to walk in 
water, walk where the water 
is not moving. Use a stick to 

check the firmness of the 
ground in front of you. 

Be aware that flash 
flooding can occur. If there is 

any possibility of a flash 
flood, move immediately to 
higher ground. Do not wait 
for instructions to move. 

Turn off utilities at the 
main switches or valves if 

instructed to do so. 
Disconnect electrical 

appliances. Do not touch 
electrical equipment if you 

are wet or standing in water. 

Do not drive into flooded 
areas. If floodwaters rise 

around your car, abandon 
the car and move to higher 

ground if you can do so 
safely. You and the vehicle 
can be quickly swept away. 

Listen to the radio or 
television for information.   

 
 

Table 1-3. Activities to develop in flood emergencies defined by the FEMA agency (After a flood). 
http://www.fema.gov/ 

The following are guidelines for the period following a flood: 

Listen for news reports to learn whether the community’s water supply is 
safe to drink. 

Avoid floodwaters; water may be contaminated by oil, gasoline, or raw 
sewage. Water may also be electrically charged from underground or 

downed power lines. 

Avoid moving water. 

Be aware of areas where floodwaters have receded. Roads may have 
weakened and could collapse under the weight of a car. 

Stay away from downed power lines, and report them to the power 
company. 

Return home only when authorities indicate it is safe. 

Stay out of any building if it is surrounded by floodwaters. 

Use extreme caution when entering buildings; there may be hidden 
damage, particularly in foundations. 

Service damaged septic tanks, cesspools, pits, and leaching systems as 
soon as possible. Damaged sewage systems are serious health hazards. 

Clean and disinfect everything that got wet. Mud left from floodwater can 
contain sewage and chemicals. 

 

The HAZUS software package developed by FEMA is central in the risk assessment 
process in the country (http://www.fema.gov/). The United States and its territories are 
covered by one of ten regions for FEMA’s emergency management purposes. Tribal, 
state, county and local governments develop emergency management programs and 
operate hierarchically within each region (http://www.fema.gov/).  
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Figure 1-16. The DCM of FEMA in case of flood emergencies and the action to be undertaken. 

 

1.4 Previous Experiences about Disaster Control Management for 
punctually events  

The last big events presented in which the Disaster Control Management agencies have 
been under prove are following exposed. 

The earthquake of L'aquila: Was an earthquake that occured in the city of L'Aquila in the 
Abruzzo region of Italy. L’Aquila earthquake had a magnitude of 6.3 degrees on the 
Richter scale, killing over 300 persons and left without home around 50.000 
inhabitants. The motives of the disaster were the high seismicity in the area and the 
magnitude of the earthquake (Figure 1-17Error! Reference source not found.). 

 

 

Figure 1-17. Buildings and structures failures in the L’Aquila Earthquake. 
http://www.politicalive.com/terremoto-padellaro-9284.html 

 

The Chile earthquake: Was originated in front of the coast of Chile, near the towns of 
Cobquecura and Curanipe in February 27 of 2010. His magnitude was around 8.8 
degrees on the Richter scale.  The fatalities were estimated at 521 deaths and a total of 2 

http://www.politicalive.com/terremoto-padellaro-9284.html
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million of affected people. It is important to denote that despite the high magnitude of this 
earthquake the life losses were very few, however most of these deaths occurred due to 
the tsunami caused by the earthquake. In other words, the Chilean construction normative 
spent his biggest test (which occurred until the date) but the action forces were seriously 
compromised due to his poor reaction to avert the tsunami (Figure 1-18). 

 

 

Figure 1-18. Building Failure (but some persons survive this collapse). Chile Earthquake 
http://www.notnow182.net/categorias/general/page/2/ 

 

The Haiti earthquake: In this earthquake the epicentre was in Puerto Principe (the capital 
of Haiti) killing more than 150 000 people, 250 000 persons were injured and around of 1 
million of inhabitants were left homeless. Although this earthquake was not as strong as 
the Chile it was caused more damage (Figure 1-19). 

 

 

Figure 1-19. The presidential house of the Government of Haiti. 
http://laprensadelsur.blogspot.com/2010/01/catastrofe-en-haiti.html 

 

Floods in Europe: In recent years (and several times before) there have been serious 
floods throughout Europe. Countries like England, Germany, Austria, Italy, Spain, France, 
Poland and Czech Republic have been seen repeatedly flooding due to strong hydro-
meteorological characteristics of the area. In the last summer in 2010, the central and 
eastern of Europe was seriously affected due to heavy flooding (Figure 1-20). 

http://www.notnow182.net/categorias/general/page/2/
http://laprensadelsur.blogspot.com/2010/01/catastrofe-en-haiti.html
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Figure 1-20. The cyclists doing a drive around the flooded Danubio River at Budapest, in 7 of june of 2010. 
The Parliament building at the bottom (REUTERS / Laszlo Balogh) 

 

Hurricane Katrina: This hurricane was the 12th that occurred in the Atlantic and made 
landfall on several occasions over the United States reaching the highest category on the 
Hurricane scale, the level 5. Unfortunately pass through the city of New Orleans, which is 
built on a depressed area. Were estimated a total of 1836 fatalities (FEMA) and more than 
a million of homeless (Figure 1-21). 

 

 

Figure 1-21. New Orleans flooded area due to the Katrina Hurricane. 
http://www.patriagrande.com.ve/temas/internacionales/ 

 

Indonesia Tsunami: Was a wavefront induced by the earthquake which occurred on 
December 26 of 2004 in the Indian Ocean. His magnitude was around of 9.2 on the 
Richter scale, becoming the strongest earthquake recorded in the history. Leave more 
than 275 000 fatalities (Figure 1-22).   

 

http://www.patriagrande.com.ve/temas/internacionales/
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Figure 1-22. Wavefront of the Indonesian Tsunami in one of the affected island. 
http://www.ecapra.org/capra_wiki/es_wiki/  

 

http://www.ecapra.org/capra_wiki/es_wiki/
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1.5 Experiences and keynotes in Disaster Control Management. 

 

The COMPONENTS explained in Chapter 1 undoubtedly defines several mechanisms 
where the organizations should focus their efforts to make an "Adequate risk management 
in emergencies cases from natural or anthropogenic hazard”( Ibarra Lopez M., 2009). 

About the different forms of government organization, it was observed that the 
departments (or emergencies management agencies) depend or are modifying according 
to the political distribution of the country. That helps the programs implementation and 
operation for disaster control management plans in the municipalities. The most striking 
example can be found in Spain or Argentina, which are decentralized nations. These 
nations leave the risk management to the provincial governments, make up less 
unexpected to the inhabitants according to their government form 
(Http://www.proteccioncivil.gov.ar). 

Another topic is the inscrutability of some Disaster Control Management entities 
consulted. This fact produce that most of the information are unavailable in the web 
pages. It is very difficult a global comparison of the methods, tools and requirements that 
an agency must meet in flood emergencies.  

In many countries (for example) it knows that there are flooding risk maps, but it is very 
difficult to find it for develop a transnational comparisons (as in the Colombian case). This 
can occur due to different facts: for the case of Colombia is due to the information acquire 
cost. In other countries (like in Spain) (http://www.proteccioncivil.org/es/index.html ), the 
philosophy is opposed to the previous case, since much of the information obtained from 
public resources (paid by taxpayers) is public and without cost. The efforts undertaken by 
governments should be focus on the DCM components (Prevention, Preparadness, 
Reaction, Recovery). In the Prevention phase include risk awareness campaigns and 
trainings in the action forces (Ibarra Lopez M., 2009). (Contain the population awareness 
on the potential damages of flooding). 

 Laws or regulations. 

 Awareness campaign. 

 Delineation of flooded prone areas. 

 Structural and nonstructural measures. 

 Maintenance of the Channel, encroachments etc.. (clean up and restoration 
operations)   

 Planning of actions and involved actors in emergency cases. 

 Training (action forces). 

 

In the Preparadness the structural and non structural measures can be divided into 
passive or active (Emmanuel M. Luna, 2009). The difference between them is that the 
active measures attempt to improve incentives for risk reduction. 

 

 Laws or regulations. 

 Training (action forces). 

 Development of an Action Plan 

 Establishment of the functions and responsibilities of the action forces. 
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 Establishment of the command chain. 

 

In the reaction (of the action forces and the population), efforts should focus on the tools, 
capacities and procedures that the involving actors will need to have "when it presents” a 
flood emergencies (Emmanuel M. Luna, 2009). 

 

 Laws or regulations. 

 Resources assignation (which should be easily accessible). Include monetary, 
structural or human resources. 

 Disaster excercices to improve the reaction capacity of the population and the 
action forces. 

 

In the recovery phase is tested the ability to return at the starting point before the disaster 
(called resilience capacity), which indirectly evaluates the efficiency of government of a 
country (Consortium of Academic Libraries, 2004). 

 

 Laws or regulations. 

 National or local funds for emergency or disasters scenarios. 

 Public entity organization and action forces regulation. 

 Flood insurances 

 Action plan review and evaluation of the measures adopted. 

 

As have been evidenced in this report, the government and forms of risk management 
vary from country to country, but should try to follow certain guidelines established and 
adopted by different agencies in charge of the DCM (as FEMA). Finally it is also important 
to include the recommendation of international agencies (as IAEM) as well as fixed 
compromises (such as the Hyogo plan) acquired for different nations to reduce and 
mitigate the risk in emergency cases. 
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2 EMERGENCY SCENARIOS AND WORKSHEET FOR ACTION 
FORCES FOCUSED ON OPTIMIZED NSM IMPLEMENTATION 

 

The main scope of the SUFRI project was the implementation of non-structural measures 
to mitigate flood risk. This methodology seeks to establish guidelines for the WP5 goals 
development, more concisely for the Municipal Action Plan development (including 
worksheets for Action Forces) and bring the optimization of disaster control management.  

This topic has been a research topic over the past years due to the fact that complete 
protection (through structural measures) against floods phenomena is not feasible. The 
set of non – structural measures coupled the risk assessment, risk mapping and risk 
management is know in Spain as Municipal Action Plan (MAP) and in the EU 
nomenclature as a Risk Management Plan (RMP). It pretends to follow the main 
ideas/imposed directives in the Flood Directive of 2008. 

A RMP/MAP is a non-structural measure itself (NSM) that includes more NSM like 
insurances mechanisms, urban planning, evacuation plans etc.. Alost reports in the 
SUFRI project have insisted on the residual risk estimation and mitigation complexity due 
to NSM. In the same way we have tried to develop tools and criteria to deal with 
evaluation of this measures as has been shown in the WP3 or the present WP5 
methodology. Two sources of residual risk have been handled in the SUFRI project: the 
Urban Surface Runoff (also called Pluvial Flooding) events and River Flooding events. 

Generally there are no guidelines or procedures for the action plans development. With 
the flood directive exception of 2008 is very little the information that you can found about 
it. Usually the implementation and development of these plans is left at each stakeholder 
criteria, this due to the fact that these plans depend on the characteristics of each place 
(country/region). Due to the above it is also important clarify that the action plan 
development requires agreement and dialogue between the diverse entities involved in 
floods emergency, which is why this work can become quite complex and expensive.  

To develop an action plan for flood emergencies it must be followed the following 
procedure: 

 

2.1 Risk identification 

In our case we work on flooding (flood risk) and more concisely the residual risk of 
flooding, which is defined as the risk remaining after the implementation of structural 
measures. In the WP3 methodology were analyzed the urban surface runoff (also called 
pluvial flooding) ad the river flooding risk events. Generally, the idea and definition of the 
term “residual Risk” itself is quite ambiguous, especially if one considers that there are 
several processes at hydrological, social and environmental level which in some way 
introduce uncertainty in the flood risk quantification. 

The first work to be done is the risk identification and subsequently raises some 
hypothesis to assess the risk. This because a basin can be found in diverse risk levels 
combinations or states: i.e. one basin which was built a flooding area. Obviously some 
part of the flood risk is mitigated by this measure but another part remains in the basin. If 
in this basin others structural or NSM are applied, the risk will decrease, but certainly 
never become zero. These multiple combinations make that the identification of a single 
option for risk mitigation will not be feasible. In the WP3 were developed and exposed 
some NSM, which are applied to reduce losses of human lives and material losses 
(estimated in Euros). The risk reduction is assessed by mitigation coefficients, but the 
deepest study of each reduction coefficients by every measure (in terms of NSM) escapes 
to the scope of this project, which are left as future works to be performed. 
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Summarize, in this first part consist to identify the residual risk, and visualize which 
measures are likely to reduce risk and what measures can be implemented to mitigate the 
risk. The risk identification is equal to define the risk problem delimitation and is the 
opportunity to impose the hazard and vulnerability hypothesis.   

 

2.2 Risk assessment   
SUFRI Methodology for pluvial and river flooding risk assessment in urban areas to 
inform decision-making 

Exist different forms to assess the risk: quantitatively or qualitatively. In WP3 has been 
extensively discussed and summarize the diverse ways of risk quantification.  

With the aim of the NSM implementation, is necessarily the risk assessment because is 
the way how the persons that will take decisions (in the action forces) can compare and 
evaluate if the implementation of a specific NSM could bring risk mitigation (or not). It 
means that inevitably is needed the risk assessment because justified the NSM resources 
investments (physical, human and environmental). Moreover helps to optimizing the NSM 
implementation (how the entities needs to apply the NSM) 

The estimation of risk should include all structural measures to be implemented in the 
watershed. It is clear that the units of comparison are the social risks (Potential 
causalities) and the economic risk (Potential Loses in €) developed for each return period 
to be evaluated. Also is very important (and have been deepest recommended) to develop 
the risk maps because is the way how is making graphically the risk assessment. That is, 
in order to have a better spatial understanding of the phenomenon. On the other hand is a 
good help tool for those people who are not “experts” on the topic of risk, to identify 
vulnerable areas and their possible impacts. (S. Fuck et all, 2009) 

 

2.3 Analysis of the structures of the emergency organization  

It is important to recognize and analyze all institutions and actors involved in flood 
emergency events, trying to identify the weak points in this organization and taking the 
advantages of all strengths. The analysis of the organization could bring ideas of what 
non– structural measures can be implemented and which measures are harder to perform 
(for institutional or organizational reasons). The analysis of the organization may also 
show deficiencies/disadvantages in the present organization, which can also focus on 
defects improvement.   

Once again, in order to implement NSM it is necessary to know the laws, responsibilities, 
institutions and forces present that act in flood emergencies. In general, the 
implementation of a Municipal Action Plan (or Risk Management Plan) requires 
continuous interaction and cooperation between the diverse entities. This because the 
different non-structural measures require intervention at different levels and degrees of all 
entities in flood emergencies events. Reaching an understanding and cooperation 
between the different entities is a task that can lead to a great progress in the DCM. For 
this reason the analysis of the structures of the emergency organization is very important 
in PAM development and that otherwise might not know who and how far could be the 
non-structural measures implementation. 
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2.4 Evaluation of NSM Existing (and/or to implement). 

Once you have made a first assessment of the residual risk, it is necessary to identify 
which non-structural measures can be applied in the watershed. For this work (in the 
WP5) it was done a recapitulation of non-structural measures, which are outlined below:  

 

1. Urban planning and policies: Municipal Action Plan, Flood Directive (EU), 
INUNCAT in Catalonia and PATRICOVA in Valencia. 

2. Flood forecasting: Early Warning System (Nowcasting, Forecasting and 
Ensebles models) 

3. Communication: Communications media (Fax, Internet etc..), between entities 
and entities – population. 

4. Mobilization: Rescue corps, and material resources (medicines, food and sand 
bags.) need to cope with the emergency.  

5. Coordination and operating practices (disaster excersices): Acting 
harmonization and training of the actors involved in emergencies scenarios 
(Entities and population)  

6. Insurance and aids mechanisms: The insurance acquisitions have a vital 
importance for mitigation and economic recovery due to a disaster. Insurances 
implementation, aids and resources coming from charity can reduce damage that 
are not easily quantifiable as the cultural damage. 

 

Summarize, within the list of measures that have been identified in the SUFRI project and 
those that can be classified as NSM, should be choose which of them could be 
implemented in the basin. Note: Not all the NSM measures always could be applicable, 
because they depends on the national/regional conditions and the available resources. 

 

2.5 Assignment of actors who perform NSM 

Once was evaluate which NSM could be implemented the next step is to identify who 
have to act in emergency cases (which of the actors, institutions and population). To 
achieve this, against needs to develop agreements with the different entities involved 
about the NSM to implement. This can be found at two levels: Institutions and Population. 

 

2.6 Establishment of restrictions regarding the implementation of 
NSM 

Once the possible non-structural measures to implement are chosen, it is necessary to 
analyze what are the restrictions of these measures. 

This is the result of the basin limitation, because many of these measures have a space or 
are a limited resource that can interfere with the time of execution. i.e. you can not 
contract infinite police mans to warn, evacuate or mobilizing the population. 

In summary, the assessment of the restrictions physically helps us to know what the 
priorities for action in flood emergencies are. 
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2.7 Matrix of NSM vs Mitigation 

Due to the resources constraints exposed in the previous point, we must build different 
combinations of NSM application. It means build different combination of NSM 
implementation, trying to cover different possible applications and establish the mitigation 
of each combination. In this part the optimization is performed, this is because different 
combinations of NSM can lead different values of societal risk mitigation or economic risk 
mitigation and is important to find the balance between these variables. 

To carry out this work there is no procedure or methodology to follow and to assess the 
different NSM combination mitigation is necessary the iterative application of Ipreas,  

Unfortunately the risk reduction coefficients (mitigation) for different non-structural 
measures are not available. In the development of Ipresas only was considered the early 
warning system (EWS) implementation. Obviously, the studies of these coefficients are 
leave as a future research work due to escape of the scope of this study. 

To realize an optimization in terms of non-structural measures, these coefficients should 
be taken into account. In this way, the values of risk mitigation (due to NSM) would be 
obtained. One form is constructing an objective function which the risk value (Societal or 
Economical risk) has to be minimum for the structural measures combination "knowing as 
Optimal". 

If no coefficients are available, we propose to do the optimization with respect to the 
economic cost of implementing non-structural measures. That is, the optimal proposal is 
one that has a lower associated cost. 

 

2.8 Choose Worksheet for the action force 

Finally the last point for the development of the Action Plan is to choose the combination 
of non structural measures to better mitigate the risk. This correspond to summarize (for 
each entity) what to do (their responsibilities) in case of flood emergencies. These should 
be discredited in time. 
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3 APPLIED FIELDS 

3.1 Analysis of the structures of the emergency organization  

3.1.1 Graz (Austria) 

3.1.2 Benaguasil (Spain) 

3.1.3 Arenys de Munt (Spain) 
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3.2 Emergency scenarios and worksheet for action forces Focused 
on NSM – Case study Arenys de Munt 

 

To cope and mitigate the residual risk (mainly by urban surface runoff) was performed the 
worksheets for action forces that are included in the so called Action Plan (Risk 
Management Plan) and focused in non – structural measures (NSM). The worksheet is 
also based in different emergencies scenarios (correlated with a return period) that are 
manage in the official entities in Catalonia. 

The assessment of the urban surface runoff as a potential risk was chosen due to the fact 
that a large part of the flood risk along the Arenys de Munt basin has been mitigated. This 
as a consequence of the recent construction of a flooding area (that mitigate the risk) and 
the encroachment of the Arenys river in Arenys de Munt and Arenys de Mar towns. It is 
obtaining societal and economic risk values for different return periods. Likewise was 
proposed the implementation of diverse NSM, which also the societal and economic risk 
mitigation were establish. 

To implement new NSM were assigned responsibilities and actors for all the new and 
present measures, which previously were analyzed in terms of the responsibility – actor 
scheme (in the WP5 phase 1). The NSM implementation was optimized respect the basin 
resources (called restrictions). Finally, uncertainty analysis was following along the 
present report to observe and quantify the uncertainty in the data inputs (hydrology). This 
has proven to be a critical point that influences the results in the risk assessment. 

 

3.2.1 Risk identification 

Once the urban surface runoff risk has been identified as the main phenomenon, we start 
to define the components to estimate the residual risk in the basin as: Risk = Hazard x 
Vulnerability. (Note: Some authors include the Exposure in the Risk assessment) 

 

Hazard 

To quantify the hazard of the urban surface runoff events, it is necessary to impose some 
hypotheses that were following along the present report. These are: 

 

1. The roof of the buildings and houses in the basin are no connected to the sewer 
systems. 

2. It is assumed that in case of heavy rainfalls the potential of flow dragging waste, 
scrubs and debris is very high, consequently the worst scenario is that were all the 
houses and streets gutters are filled. 

3. It is supposed that the Rational Method is valid. It means that the evaporation, 
transpiration and infiltration are not significant in the calculus of the events. 

4. The supposed flow regime developed along the streams and streets is equivalent 
to the uniform permanent regime. It means that the friction slope is equal to the 
basin slope and the losses could be estimated due to the manning equation. 

 

Applying these hypotheses we can arrive to the following expressions for the hydraulic 
depth and velocity: 
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Vulnerability 

The susceptibility of the pedestrian to be affected by the surface runoff phenomenon 
(called vulnerability) could be produced by two facts: the pedestrian slide down and the 
overturning moment produced by the flow discharge forces over the pedestrians (Nania 
L., 1999). Obviously there are other variables which can affect the pedestrian stability 
crossing through a flooded street (age, experience, vision, strength, etc ...), but in order to 
fix the problem it was decided to only manage these two variables. 

Stability criteria’s: 

The stability criteria of a person crossing an urban flooding street according the drag force 
of the flow can be approximated by: 
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Similarly if we consider the overturning moment it can be obtain the following equation: 
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Result: 

The uncertainty analysis includes the assessment of the upper and lower interval of each 

statistical method used (see WP5 of UPC) for the hydraulic variables ( ,V y ), the results 

are summarized in the Tables 3-1 and 3-2. 

Table 3-1. Stability criteria’s for different return period fitted by the Least Square method. 

Stream Way 

T=2   
years 

T=10 
years 

T=20 
years 

T=50 
years 

T=100 
years 

T=200 
years 

T=500 
years 

V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y 

Panagall 3.8 0.65 7.67 1.07 9.34 1.23 11.6 1.44 13.4 1.6 15.3 1.75 17.9 1.96 

Puig 0.68 0.2 1.37 0.32 1.67 0.37 2.07 0.44 2.4 0.48 2.73 0.53 3.19 0.59 

Bellsolell 0.29 0.11 0.59 0.18 0.71 0.2 0.89 0.24 1.03 0.26 1.17 0.29 1.37 0.32 

Calle Real 
de Pascual 0.34 0.12 0.68 0.2 0.83 0.23 1.03 0.26 1.19 0.29 1.36 0.32 1.58 0.36 

Carretera de 
Torrentbo 0.12 0.05 0.24 0.08 0.29 0.1 0.36 0.11 0.42 0.13 0.47 0.14 0.55 0.16 

Carrer de la 
Rasa 2.02 0.41 4.07 0.68 4.96 0.78 6.18 0.91 7.14 1.01 8.13 1.11 9.5 1.24 

Carrer can 
Borrell 0.07 0.05 0.15 0.09 0.18 0.1 0.22 0.12 0.26 0.13 0.29 0.14 0.34 0.16 

Carrer de la 
nou 0.02 0.02 0.04 0.04 0.04 0.05 0.06 0.05 0.06 0.06 0.07 0.07 0.09 0.07 

Carrer Pau 
Casals 0.22 0.1 0.45 0.16 0.54 0.18 0.68 0.22 0.78 0.24 0.89 0.26 1.04 0.29 

Carrer Lluis 
Companys 0.19 0.09 0.39 0.14 0.47 0.16 0.59 0.19 0.68 0.21 0.77 0.23 0.9 0.26 
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Table 3-2. Stability criteria’s for different return period fitted by the Moments method. 

Stream Way 
T=2 years 

T=10 
years 

T=20 
years 

T=50 
years 

T=100 
years 

T=200 
years 

T=500 
years 

V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y V².y V.y 

Panagall 3.77 0.64 7.34 1.04 8.87 1.19 11 1.38 12.6 1.53 14.3 1.67 16.7 1.86 

Puig 0.67 0.2 1.31 0.31 1.58 0.36 1.95 0.42 2.25 0.46 2.55 0.51 2.97 0.56 

Bellsolell 0.29 0.11 0.56 0.17 0.68 0.19 0.84 0.23 0.96 0.25 1.09 0.27 1.27 0.31 

Calle Real 
de Pascual 

0.33 0.12 0.65 0.19 0.79 0.22 0.97 0.25 1.12 0.28 1.27 0.31 1.48 0.34 

Carretera de 
Torrentbo 

0.12 0.05 0.23 0.08 0.27 0.09 0.34 0.11 0.39 0.12 0.44 0.13 0.52 0.15 

Carrer de la 
Rasa 

2 0.41 3.9 0.66 4.71 0.75 5.82 0.88 6.7 0.97 7.6 1.06 8.85 1.18 

Carrer can 
Borrell 

0.07 0.05 0.14 0.08 0.17 0.1 0.21 0.11 0.24 0.12 0.28 0.13 0.32 0.15 

Carrer de la 
nou 

0.02 0.02 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.07 0.06 0.08 0.07 

Carrer Pau 
Casals 

0.22 0.1 0.43 0.16 0.52 0.18 0.64 0.21 0.73 0.23 0.83 0.25 0.97 0.28 

Carrer Lluis 
Companys 

0.19 0.09 0.37 0.14 0.45 0.16 0.55 0.18 0.64 0.2 0.72 0.22 0.84 0.25 

 

3.2.2 Risk assessment   

The Ipresas was applied in the streets exposed previously (10 streets). Total risk in the 
basin is the result of all individual streets risk contributions. This hypothesis is based on 
the fact that the catchment area is small enough to assume that the events are 
simultaneous in all the Arenys de Munt streets. In fact from the beginning was only 
available one rainfall gauging station and with this unique information was approximate 
the hydrology. The societal risk is showed in the Figure 3-1. This picture shows an 
intermediate case between the so called “worst case”, with no measures (NSM) and the 
sewer system collapsed, and the case where has been implemented and tested a EWS 
with the sewer system working correctly (Q10). Also shows that the EWS implementation 
would greatly reduce itself potentially human losses in the basin. 
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Figure 3-1. Societal Risk due to urban surface runoff (Rainfall by Moments Method). 
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It is important to denote from the past figure, that there are life’s losses values of very low 
return periods, because at the beginning of the “Risk” assessment, it was supposed that 
the sewer system (and the gutters) had collapsed, in order to have a maximum potential 
loss of lives values. Considering the drainage into the model, it is clear that the “social 
risk” values decreased significantly. Making that for low return periods, there are no losses 
of life’s. The second main conclusion that can be observed from the past figure is that the 
upper interval is very close to the statistical distribution mean value. This occurs because 
the vulnerability criteria, which are then used in the form of flow severity intervals produce 
the same flow severity values for both upper and mean intervals. The last conclusion 
could stress a weak point in the flow severity ranges although it is important to emphasize 
that there do not exist other flow severity formulation. "Whereupon you work with what you 
can" 

 

In the Figure 3-2 are illustrated the “worst case”, the intermediate case (with the EWS) 
and the case with the EWS implementation and the sewer system working correctly. In the 
same picture, the upper and lower intervals of both statistical distribution were not 
superimposed because for the last case (EWS + sewer system) the interval are 
overlapped with the mean value. Being as a result of the subtraction of the Q10 return 
period (sewer capacity) to the other 5 return periods peaks discharges (T= 20, 50, 100, 
200 and 500 years). 
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Figure 3-2. Societal Risk due to urban surface runoff (all cases). 

 

From the previous figure it can be seen that for low return periods the risk is mitigated. 
The EWS reduce around 28% of the societal risk (although not constant), but in the 
combination of the EWS + sewer system case, this reduction is more significant. 

 Again in the Figure 3-3 is exposed the economic risk (with confidence intervals) for the 
EWS implementation and the “worst case” without no measures. It is clear that the 
potential economic losses are reduced by the implementation of a EWS. 
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Figure 3-3. Societal Risk due to urban surface runoff (Rainfall by Moments Method). 
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Figure 3-4.  Economic Risk due to urban surface runoff (all cases). 

 

It is very important to denote that the economic risk reduction by EWS implementation is 
more significant than in the societal risk, because a few hours of lead time could represent 
significantly economic losses reduction. This reduction could even arrive to 90 % of the 
initial value taking the EWS + sewer system (Figure 3-4).  

 

Risk mapping (delimitation of unsafe zones) 

In the Table 3-3 and Table 3-4is showed the delimitation of the streets that do not satisfy 
the vulnerabilities criteria with the uncertainty analysis. To do this were mixed (and 
combined) the tables of the uncertainty analysis taking into account the criteria of the 
pedestrian stability. This is obtained assigning the red color to those streets that in the risk 
analysis fails the vulnerability criteria for the upper and lower rainfall intervals. These 
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streets are exposed as “Dangerous zone”. However if one event is not dangerous (with 
the upper or lower interval) and the other one is the opposite, it is assigned the yellow 
color and named as “Risky zone”. Finally if in both case (with upper and lower analysis), 
no events are detected, the green color is assigned and is classified as “safe zone”. 

 

Table 3-3. Affected streets under the uncertainty analysis by Moments method. 

Return Period 

Street T=2 T=10 T=20 T=50 T=100 T=200 T=500 

Panagall               

Puig               

Bellsolell               

Calle Real de Pascual               

Carretera de Torrentbo               

Carrer de la Rasa               

Carrer can Borrell               

Carrer de la nou               

Carrer Pau Casals               

Carrer Lluis Companys               

 

Table 3-4. Affected streets under the uncertainty analysis by Least Square method. 

Return Period 

Street T=2 T=10 T=20 T=50 T=100 T=200 T=500 

Panagall               

Puig               

Bellsolell               

Calle Real de Pascual               

Carretera de Torrentbo               

Carrer de la Rasa               

Carrer can Borrell               

Carrer de la nou               

Carrer Pau Casals               

Carrer Lluis Companys               

 

Currently it has been developed an initiative project called “Improving Flood Risk Maps as 
a Means to Foster Public Participation and Raising Flood Risk Awareness: Toward Flood 
Resilient Communities [RISKMAP]” under CRUE ERA Net frame wroks.   

 

The principal goals/aims of the RISMAP are: 

1. Basic requirements and procedures for flood risk mapping 
2. Preparation of flood hazard maps (FHMs) and flood risk maps (FRMs). 

These maps attempt to follows the recommendations exposed in the RISKMAP project 
and cover all the case studies (see WP5 UPC). In the Figure 3-5 is shown an example of 
the Arenys de Munt maps. 
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Figure 3-5. Risk flood map for urban surface runoff by Least Square Method. 

 

3.2.3 Analysis of the structures of the emergency organization. 

To be summarized. 

3.2.4 Evaluation of NSM Existing (and/or to implement). 

From the organization analysis and the different meetings with the Entities involved in 
flood emergencies were detected the following NSM for Arenys de Munt basin (Error! 
Reference source not found.):  

 

Table 3-5. List of analyzed NSM for the Arenys de Munt basin. 

Non - Structural Measure Activity/Entity/Resource Local Scale 

Urban Planning and Policies: 
Municipal Action Plan INUNCAT in Catalonia and 

PATRICOVA in Valencia Flood Directive Implementation 

Flood Forecasting 
Early Warning System by 
METEOCAT, and the SAIH of 
ACA 

The EHIMI and SAHBE projects 

Communication 
CECAT and the command 
center 

Arenys de Munt Municipality and 
the Police corps 

Mobilization 
Military or health care corps. 
Physical resources. 

Asistance to the affected people, 
evacuation and construction of 
structures (sand bags, camping 
tents etc.). 

Coordination and operating 
practices 

CECAT 
CECAT training in flood 
emergencies. 
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Insurances and aids 
mechanisms 

No mechanism or aids were 
detected 

All to do. 

 

Implemented: 

The SUFRI project has tackled population experience and forms of risk communication in 
the basin. Basically the communication is developed at two levels: Between entities and 
from entities to population (see WP5 1 phase). 

The warnings start and are controlled by CECAT, and the CECOPAL (the command 
board) takes decision to forward it at different levels and entities. Once the warning is 
received in the Municipality, the police is advised and they are in charge to warn the 
population. 

The second well established NSM is the mobilization of physical resources. Specifically in 
Arenys de Munt are very expertises and lively with the implementation of the wooden 
tables called “Tajaderas” that could be considered as physical resources. The very fast 
reaction (of the Arenys de Munt inhabitants) to the flood emergencies make 
possible to clear the streets of cars in a few minutes! (Figure 3-6). 

 

 

 
 

 

 

Figure 3-6. Risk communication and evacuation of the Arenys stream in Arenys de Munt. (10 – 15 min.) 

 

Finally, the last NSM found is the Arenys de Munt land planning, which was updated in 
2003. In this plan are distinguished the hydrological system (explained later), and the 
protection strips of the river.  

In current implementation: 

Currently work on implementation remains, such as different measures as the delimitation 
of hazard zones, the risk assessment and the risk management planning due to the Flood 
Directive. In Catalonia the INUNCAT force the municipalities identified as “under risk” to 
develop the Municipal Action Plan (MAP), that include the hazard delimitation, the risk 
assessment and the risk management plan. Evidently due to the current economical crisis 
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the process of the MAP has been delayed dilating in various municipalities although the 
directives are very clear with the deathline time (Figure 3-7).      

 

Figure 3-7. Municipalities Forced to develop a Municipal Action Plan. (INUNCAT, 2009) 

 

The EHIMI project and the Early Warning Systems for Catalonia are still in development. 
Concisely different project as the IMPRINTS or the COST 731 have been developed to 
improve and make feasible an accurate EWS of at least 6 hours lead time.      

 

Finally the CECAT develop risk exercises and training in flood emergencies. Most of these 
trainings are in charge at the CECAT staff. Sometimes the entities in the towns are 
informed. In Arenys de Munt town, no risk exercises or training by the CECAT were 
detected. 

To Implement: 

A short investigation in the insurances agencies was developed. The conclusion is that in 
Catalonia it does not exist a specific insurance for flood emergencies. The damages 
effects of flood events are included in comprehensives insurances that include fires, 
earthquakes and robberies.     

 

3.2.5 Assignment of actors who preform NSM 

A total of seven NSM have been analyzed (see Table 3-6). For each NSM it is needed to 
establish what entity will act in flood emergencies (Actors).  
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Table 3-6. NSM-Actors assignation for Arenys de Munt Basin (based in the WP5 phase 1) 

N. NSM Regionally Locally Observation: 

I Land Uses Planning 

Only a check by 
the Catalonia 

government, but 
are no involved 

The Arenys de 
Munt 

municipality: 
Specifically 

the Urbanism 
director 

Only the Arenys de Munt 
municipality has the responsibility. 
The land planning will be checked 

every 5 years. 

II 
The Flood Directive 

Implementation 

Catalonia 
Government, 

ACA, 
METEOCAT, 

CECAT (Interior 
Minister 

Arenys de 
Munt 

municipality 

Until now an official decree was 
enacted on July 2010. Different 
deadlines were established for 

FHM, FRM and FRMP also called 
(MAP). 

III Flood Forecasting 
ACA and 
CECAT 

Experts 
judgment. 

(Antoni Sintes) 

With only 6 lead time hours 
forecasting the potential damages 
and casualties could be mitigated. 

IV Communication CECAT 
Arenys 

Municipality 
and Police 

The weak point of the risk 
communication has been the 
excessive warning advices. A 

check by a local expert can lead to 
a system improvement 

V Mobilization 
Catalonia 

Government 

Population, 
Police and 
Firefighters 

The evacuation, streets closure 
and physical resources 

mobilization will be implemented 
during the flood scenarios. 

VI Disaster Exercises CECAT 
Municipality, 
Police and 
Firefighters 

The Municipality acts only if a 
disaster control exercise is made in 

Arenys de Munt 

     

VII Insurances and Aids 
Catalonia 

Government 

Arenys de 
Munt 

Municipality 

The Government has to legislate 
new insurance rules and the 
Arenys de Munt municipality 

promote insurance acquisition. 

 
*Also in the Maresme Concill have a Hidrometeorological department experts (see WP5 1 
phase) 

 

The Table 3-6, tries to preserve the responsibilities-actor distribution specified in the WP5 
1 phase. In this table it can be seen that the population appears as an actor for flood 
emergencies. It is specifically responsible for the instalation of the "Tajaderas". 

 

For the forecasting non-structural measure, the combination of the local expert judgment 
(who is in the area) with this NSM can lead to a successful Hydrometeorological 
forecasting. 

 

3.2.6 Establishment of restrictions regarding the implementation of NSM 

From the previous subsection, 7 actors (or entities) were assigned to the non structural 
measures. In many of them, more than one actor is involved, so there could exist 
interferences or "restrictions" between them because the actors resources are finite. 
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With the aim of making the application as simple as possible (focused in the NSM 
optimization) the following restrictions and acting protocols for each actor involved were 
established (Table 3-7 and Table 3-8): 

 

Table 3-7. Acting protocol for each entity (actor) identify in the Arenys de Munt basin. 

Entity Invlolved in: Have to…: 

CECAT II, III, IV, VI 

Due to own responsibilities (see wp5 phase 1) the CECAT will 
have to take care and improve the warnings in order to not get 
worse the risk communication (NSM) in Arenys de Munt. Also 
the CECAT needs to develop more drills in flood emergencies. 

Catalonia 
Governemnt 

I, II, V, VII 

The Catalonia government through his management 
departments, will have to control the land uses planning and the 
implementation of the European Flood Directive and will also try 
to improve the flood insurance system. 

ACA I and III 
The ACA efforts need to be focused in the improvement of the 
forecast systems (cooperating with METEOCAT and CECAT) 

Arenys de Munt 
municipality 

I, II, IV, VI, VII 

It contributes almost in a big part of the NSM, so, the ACA 
needs to perform the coordination works between all the 
involved entities. Trying to dispose of help to as much people 
as possible.  

Police IV, V, VI 
The police in addition of the vigilance works, will have to 
develop the risk communication and the streets closures. 

Firefighters V, VI 
The firefighter will attend all the emergencies raised by flood 

emergencies and will have to execute the evacuation. 

Population V 
The population has to put the “Tajaderas” and take care with 

the new information 

 

The Arenys de Munt restrictions (as has been explained), are focused on the physical 
limitations that the NSM could have in the basin. There are shown in Table 3-8 

 

Table 3-8. Arenys de Munt non-structural measures restrictions. 

Communication  <= to 4 person 

Mobilization  <= to 6 person 

EWS  < = of 10 000 € (per year) 

MAP (include 
Land Planning) 

<= 115000 € (each 5 years) 

 

For our experimental basin an annual budget of 500 000 Euros was chosen to be 
distributed annually according to the different activities. 

Note: The land uses planning will be included in the MAP study with the aim of not paying 
two times studies that are closely correlated.  

 

3.2.7 Matrix of NSM vs Mitigation 

This is one of the last sections of the implementation and assessment of non-structural 
measures for flood risk mitigation (WP5 second phase). Once the NSM restrictions are 
known, multiple application combinations should be performed taking into account these 
restrictions (see Table 3-8), these NSM combinations should bring risk mitigation. 

 

To evaluate this mitigation, as well to performe the WP5 optimization respect to the NSM 
implemented, the Arenys de Munt basin should have risk mitigation factors (of economic 
and societal risk). The development of these factors are beyond the scope of this report 
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and project, however reduction coefficients were constructed (Table 3-9 to Table 3-12) for 
the Arenys de Munt case study, based on experience criteria. Obviously it is left to all the 
users the coefficient reduction implementation/development. 

Table 3-9. The Communication NSM reduction/mitigation percentage in Arenys de Munt (%). 

Number of Person Lives Euros 

1 15 15 

2 19 18 

3 22 21 

4 23 24 

 

Table 3-10. Mobilization NSM reduction/mitigation percentage in Arenys de Munt (%). 

Number of Person Lives Euros 

2 15 18 

3 19 22 

4 23 26 

5 27 30 

6 31 34 

 

Table 3-11. MAP NSM reduction/mitigation percentage in Arenys de Munt (%). 

5 years inversion (€) Lives Euros 

100000 22 30 

105000 22.5 31 

110000 23 32 

115000 23.5 33 

 

Table 3-12. EWS NSM reduction/mitigation percentage in Arenys de Munt (%). 

5 years inversion (€) Lives Euros 

5000 14.28 20 

10000 28.57 22.25 

 

Note: the reduction coefficients of Mobilization and Communication (NSM) are in terms of 
numbers of persons working in the specific measures, in opposite way the MAP and EWS 
are in terms of the annual investment of this NSM. 

For coordination and operative practices (disaster excercies) and Insurrances no 
reduction coefficients were established. Consequently, they will not vary the NSM 
optimization. Applying the risk reduction coefficients for the combinations exposed in the 
Table 3-13 and Table 3-14, the risk mitigation percentage will: 

Table 3-13. Non-structural measures combination for Arenys de Munt. (Comb=1). 

NSM Fireman
Police 

man

EWS (Expert & 

Maintenance)

Comunnication 

press person
Other

Global 

Cost
Annual Cost

Municipal Action 

Plan
0 0 0 0 1 100000 6000    

Early Warning 

System
0 0 1 0 0 10000 10000

Communication 

Improvement
0 2 0 1 0 110000 110000

Mobilization 4 0 0 0 0 160000 160000

Coordination and 

Excercises 

disasters

0 0 0 0 1 40000 40000

Inusrrances and 

aids
0 0 0 0 1 174000 174000

500000    Total  
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Potential Lives fatalities mitigation = 65.52% 

Potential economic losses mitigation = 66.97% 

Note: the total mitigation is the product of the reduction coefficients for each NSM. This 
also could be questionable, because when different NSM are implemented, the mitigation 
coefficients behavior do not necessary has to be the same as if only one NSM has been 
implemented.   

Table 3-14. Non-structural measures combination for Arenys de Munt. (Comb=2). 

NSM Fireman
Police 

man

EWS (Expert & 

Maintenance)

Comunnication 

press person
Other

Global 

Cost
Annual Cost

Municipal Action 

Plan
0 0 0 0 1.1 110000 22000    

Early Warning 

System
0 0 2 0 0 10000 10000

Communication 

Improvement
0 1 0 1 0 70000 70000

Mobilization 5 0 0 0 0 200000 200000

Coordination and 

Excercises 

disasters

0 0 0 0 1 40000 40000

Inusrrances and 

aids
0 0 0 0 1 158000 158000

500000    Total  

 

Potential Lives fatalities mitigation = 66.05% 

Potential economic losses mitigation = 68.5% 

 

The previous combinations show that a large mitigation was obtained due to a NSM 
implementation. Perhaps this can happen because the proposed mitigation coefficients 
are lineal and do not consider the decrease of the mitigation value as more non-structural 
measures are implemented (the coefficients lose the capacity to reduce risk when more 
NSM are implemented). 

 

Finally, in the Arenys de Munt case study there has been built an objective function in 
excel sheet which includes the restrictions set in the NSM and looks for the highest value 
of risk mitigation. 

 

Applying the objective function respect to both variables (economic losses and societal 
risk) and taking into account that it is no feasible contract 5.1676 persons (but 5 or 6 
persons could), the best solution is (Table 3-15): 
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Table 3-15. Non-structural measures combination for Arenys de Munt. (Comb=5). 

NSM Fireman
Police 

man

EWS (Expert & 

Maintenance)

Comunnication 

press person
Other

Global 

Cost
Annual Cost

Municipal Action 

Plan
0 0 0 0 1 115000 23000    

Early Warning 

System
0 0 1 0 0 10000 10000

Communication 

Improvement
0 2 0 1 0 110000 110000

Mobilization 6 0 0 0 0 240000 240000

Coordination and 

Excercises 

disasters

0 0 0 0 1 40000 40000

Inusrrances and 

aids
0 0 0 0 1 77000 77000

500000    Total  

 

Optimal (by two variables) Potential Lives fatalities mitigation = 69.69% 

Optimal (by two variables) Potential economic losses mitigation = 71.8% 

 

The combination exposed in the Table 3-15 also leave more monetary reserves (77 000 
€). The final Societal and Economic Risk having taking into account the 7 NSM is shown 
in the Figure 3-8 and Figure 3-9. 
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Figure 3-8. Societal Risk by different conditions of NSM implementations. (Arenys de Munt Torwn) 
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Figure 3-9. Societal Risk by different conditions of NSM implementations. (Arenys de Munt Torwn) 

 

3.2.8 Worksheet for the action force 

Finally a very simple and understandable worksheet for the action forces and population 
are exposed in the Table 3-17, according de 5 warning levels of the CECAT agency: 

 

Table 3-16. Worksheet for the action forces and population for flood emergencies (urban surfacce runoff). 

Entity Pre-Advice Pre-Alert Alert Emergency Type 1 Emergency Type 1

CECAT

Warnings 

emission

Warnings 

emission

- Warnings emission                

- CECOPAL conformation

- Warnings emission                         

- CECOPAL conformation.              

- Ask for Regional aids

- Warnings emission                - 

CECOPAL conformation.   - Ask 

for National aids. 

Catalonia 

Governemnt

- -
- Watch the established 

protocols

- Watch the established protocols      

- Aids Management 

- Watch the established protocols                    

- Aids Management                      

-Follow the emergency and 

physical resources

ACA

- Warnings 

emission

- Warnings 

emission
- Warnings emission - Warnings emission - Warnings emission

Arenys de 

Munt 

municipality

- Follow the 

Advice

- Mayor and 

Police warn 

implication

- Mannage the warning to the 

population.                                

-Specific Orders to the police

- Provide all the resources availables 

for the people affected.                     

-Inform the disaster consequences to 

CECAT and Gouvernemtn of 

Catalonia

- Provide all the resources 

availables for the people affected.                     

-Inform the disaster consequences 

to CECAT and Gouvernemtn of 

Catalonia. 

Police

- -
- Follow the situation               

- Warn the population

  - Warn the population.                    

- Streets Clousre (for Pedestrian)

  - Warn the population.                    

- Streets Clousre.                           

-Help in the evacuation

Firefighters
- -

- Follow the situation               

-Attend emergencies             

   -Attend Emergencies                       

-Start evacuation

- Evacuate affected people             

-Help the injured persons

Population
- - - - Tajaderas Implementation

- Tajaderas Implementation             

-Sand bags implementation        
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4 CONCLUSION 

 

The flood risk management focused in non-structural measures is a promising field for the 
disasters consequences mitigation. Large structural measures investments have been 
made in recent years by entities and governments, with which the residual risk mitigation 
by non-structural measures may be one of the ways to follow in the coming years. Some 
conclusions regarding the non-structural measures implementation in the Arenys de Munt 
basin are exposed below: 

 

 A simplified approach for the hazard estimation due to urban 
surface runoff was exposed. It consists in the combination of the rational method 
coupled with the permanent flow regime. 

 

 Two statistical distribution parameter estimation methods were 
proved: The Least Square Method and the Moments Method, proving that the 
election of the statistical method biases the residual risk assessments.  
Specifically, a particular method implementation can lead to different hazard 
values (Section 2) and consequently the hazard identification through maps can 
vary significantly (Delimitation of unsafe zones). 

 

 In addition to the statistical method study, we performed an 
uncertainty analysis in the rainfall assessment, which later controls the discharge 
flow on the basin and consequently the hazard (handled by confidence intervals). 
In recent years, this topic has been investigated in European projects such as 
COST 731, which attempts to research the sources of hydrometeorological errors 
in forecast studies (Rainfall and discharge flow forecasting). For the hazard 
identification zones, the uncertainty analysis is becoming important because it 
provides a more complete description of the phenomenon. Specific areas were 
classified as "safe", "Risky" and "Dangerous." 

 

 The vulnerability criteria (under flood risk) have been the subject of 
research over the last years. Specifically, the project will handle a total of 4 criteria 
(v, y, v.y and v².y). Although no quantitative comparison was made between the 
delimitation (Delimitation section 4) and the risk assessment (section 3), applying 
all the criteria leads to different results, which not necessarily means better results. 

 

 In the risk assessment (societal and economic) different 
hypothesis had to be used. On one hand, the people under risk had to be 
estimated (2 types of land uses), on the other hand, an analysis was done 
considering the event were sewer system and gutters were collapsed (named as 
worst case), another case where an early warning system was applied Finally, the 
reduction that could bring the implementation of several non-structural measures 
was applied (see section 5.3). 

 

 The tool developed for WP3 (Ipresas) has proved to be an easy 
and simple tool to assess the risk. 
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 A total of 7 non-structural measures were considered for their 
"possible" implementation or improvement in Arenys de Munt. Some of them, such 
as risk communication and land use planning, have been implemented within the 
Basin Arenys de Munt. Others like the early warning system and disaster 
exercises (drills) are in full implementation by diverse entities such as the CECAT, 
ACA or METOCAT. 

 

 For the non-structural measures application/optimization NSM risk 
reduction coefficients were developed (for societal and economic risk) which were 
not studied in depth. It is recommended to research extensively these reduction 
coefficients; because they can lead to a major knowledge for better risk 
management. 

 

 In Arenys de Munt, for example, 500.000 € per year were disposed 
in flood risk management. This cost could be considered excessive and "fictitious" 
because many of the resources that are specified (as the police and firefighters 
hiring) already exist. So, this signifies that the real cost of the NSM implementation 
will be less for the Arenys de Munt case. Thus, the non - structural measures 
implementation is economically feasible. 

 

 A worksheet for the action forces (entities) and the population is 
presented. In this worksheet it is clearly and simply exposed what is the role to be 
developed by each entity in case of flood emergency. This worksheet is also time 
discretized according to the warnings types issued by CECAT. 

 

 The municipal action plan development for flood risk (urban 
surface runoff in Arenys de Munt), is a multidisciplinary work where there has to be 
a common agreement between the entities for their development. In the case of 
Arenys de Munt, the work has been the result of several meetings between 
different entities such as CECAT, METEOCAT, ACA, the Maresme Council and 
the Arenys de Munt city hall. Finally, we want to bring special thanks to these 
entities for their cooperation. 
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